/  79-TR-l 

S 

622.334932  / 
N7ISS  CP  ' 

1979  ^   tEcknicaL  zspLOxt  - 


STATE  DOCUMENTS  eOLLECTl 

APR  2O.?004 

MONTANA  8TA I  i  UWWAR\' 

mis  E.  6th  AVE. 
HFLENA.  MONTANA  59620 


tEcfinica[ 


Cu 


ujatsiz  X£.±ouzcE±  diuiiLon 


MONTANA   DEPARTMENT  OF  NATURAL  RESOURCES  A  CONSERVATION 


ONRC 


MONTANA  STATE  LIBRARY 


3  0864  0014  8945  2 


CONTENTS 


I.  Uranium  Mining  in  Alzada  Region  Page 

1.  Summary  1 

2.  Field  Trip  Report  2 

A.  Companies  Involved    2 

B.  Social  Impacts  of  Cureent  and  Proposed 

Uranium  Exploration  in  Alzada  Area    4 

C.  Problems  Associated  with  Uranium 

Exploration  in  Alzada,  Carter  County  Area    4 

D.  Problem  Summary    5 

3.  Alzada  Community  Views    6 

4.  Current  Problems  Occurring  in  Wyoming 

in  In-Situ  Leach  Mining  6 

5.  Geologic  Setting    7 

6.  Climate  and  Watershed    7 

7.  Regional  Geomorphology    8 

8.  Stratigraphy  and  Structure    9 

9.  Sub  surface  Geology   11 

10.    Hydrology   12 

II.  Solution  Mining  (Background)   13 

1.  Solution  Mining   14 

2.  In-Situ  Leaching    14 

3.  Process  Description   14 

4.  Ore  Body   14 

5.  Well  Field  |  16 

■    6.    Lixivant  Chemistry    16 

7.    Elution  and  Precipitation  Circuit   18 

•  8.    Product  Drying  and  Packaging  Unit   19 

9.    Waste  Effluent  Treatment  Process    19 

10.    Groundwater  Quality  Restoration  Process   20 

III.  References  Cited   21 


LIST  OF  FIGURES 

IV. 

Figures  Page 

1.  Area  Map  of  ATzada,  Affected  Areas  by  Uranium  Exploration 

and  Locations  of  Photographs   23 

2.  Precipitation  Mao  of  Montana   24 

3.  Photographs  in  the  Alzada  Area 

lA.    Overlooking  the  Northern  Plunge  of  the  Black  Hills  arch  ...  25 

2A.    AMOCO 's  Well  Site  in  a  Alkaline  Seep  Area   25 

2B.    Drill  Mud  Pit   26 

2C.    Tracks  -  Disturbed  Ground  from  the  Drilling  in  the  Seep  Area.  26 

2D.    Fiberglass  Plastic  Well  Casing  Used  in  AMOCO  Test  Holes  ...  27 

2E.    Well  Inspection  of  Well  Casing  by  Down  Hole  Camera    27 

2F.    Down-Hole  Camera,  Well-head  and  Tripod  for  Well  Inspection.  .  28 

2G.    Down-Hole  T.V.  Camera  Monitor,  Control  Unit    28 

2H.    Well  Casing  Viewed  on  T.V.  Monitor  at  205    29 

3A.    AMOCO  Drill  Site   29 

3B.    Plugged  Hole  -  Plugged  with  Quick  Gel  1    30 

4A.    Contact  of  Carlisle  formation  with  Underlying  Turner  Sandy 

Member   30 

5A.    Green  Horn  Formation  -.  31 

6A.    Belle  Fourche  Shale  Formation   31 

7A.    Alluvial  Fill,  Silts,  Sand  and  Gravel   32 

8A.    Alluvial  Fill,  Silts,  Sands  and  Gravel    32 

9A.    Methane  Gas  Escaping  from  a  Plugged  Exploration  Hole 

Drilled  into  Edge  of  a  Reservoir   33 

9B.    Greg  Mills  (DSL)  Igniting  Escaping  Gas  Bubbles    33 

lOA.    Improper  Plugged  Uranium  Hole    34 

lOB.    Improper  Plugged  Uranium  Hole    34 

11  ASB.    Damage  and  Tracks  Left  While  Attempting  to  Drill  in  the 
Reservoir  during  Early  Spring  by  an  Uranium  Exploration 

Drill  Rig   35 

12A.    Abandoned  Oil  and  Gas  Cable  Rig    36 

12B.    Well  Head  Leaking  Methane  Gas   36 

4A.    Geologic  and  Structure  -  Contour  of  the  Northern  and  Western  Flank 

of  the  Black  Hills  Uplift.    T7,  8,  9S.,  R.  55,  56,  57,  58,  E.  .  .  (see  pocket) 

4B.    Geologic  and  Structure  -  Control  Map  of  the  Northern  and  V/estern 

Flanks  of  the  Black  Hills  Uplift.  T7,  8,  9S.,  R  59,  60,  61,  62,  63E  (see  pocket) 

5A.    Major  Structural  Features,  Eastern  Half  of  Montana    40 

5B.    Generalized  Map  Showing  Black  Hills  Uplift  in  Relation  to 

Nearby  Structural  Features    41 

6.  Diagrammatic  Paleo  Environment  Map  and  Cross  Section  of 

Inyan  Kara  Group   42 

7.  Idealized  Geochemical  Roll -Front  Cell    43 

8.  Roll -Front  Deposit  with  Zones  of  Ion  Precipitation    44 

9.  Roll-Front  Uranium  Deposits  with  Zones  of  Rock  Alteration    45 

10.  Typical  Well  Field  Layout  .46 

11.  Hypothetical  Drilling  Sequences  for  Uranium    47 

12.  Generalized  Uranium  Recovery  Process   48 

13.  Uranium  Recovery  Process    49 

i  i 


LISTS  OF  TABLES 


bles 

Generalized  Section  of  the  Exposed  Sedimentary  Rocks  on 

the  Northern  and  Western  Flanks  of  the  Black  Hills 

Uplift   

Estimated  Chemical  Feed  Rates  for  WMC  Irigaray  Uranium 

Recovery  Process   

Explanation  of  Sedimentary  Rocks  Exposed  for  Figure  4A  and  48.  . 


MEMORANDUM  August  6,  1979 


TO:  Ed  Miller,  Chief 

Technical  Services  Bureau 


FROM:        Tom  Rediske,  Geohydrologist  ,.^--7-r',\.^^  ^ /'^  f 

Technical  Services  Bureau  V-''^^''^- 

SUBJECT:    Field  Trip  Report  for  Alzada,  Montana  Region,  May  22-25,  1979, 
Relative  to  Ln-SiUi  Leach  Mining  and  Exploration  for  Uranium 


SUMMARY 

During  May  22  through  25,  1979,  I  met  with  Greg  Mills  and  Alma  Plantenberg 
from  the  Department  of  State  Lands,  for  a  field  investigation  of  in-situ  leach 
mining  of  uranium  in  the  area  surrounding  Alzada,  Carter  County,  Montana 
(Figure  1).    Prior  to  this  field  trip,  I  had  received  several  phone  calls  and 
personal  inquiries    from  the  local  inhabitants  of  this  area  expressing  their 
concerns  for  ground  water  contamination,  damage  to  their  water  wells,  and  the 
protection  of  their  prior  water  rights,  by  uranium  exploration  companies. 
I  began  discussion  with  Greg  Mills,  Department  of  State  Lands,  on  the  current 
status  of  in-situ  leach  mining  at  Alzada,  Montana.    There  were  a  few  cases 
in  which  the  activities  and  plans  of  uranium  exploration  companies,  as  reported 
to  me  by  the  local  people  of  Alzada,  were  in  conflict  with  activity  status 
reports  to  State  Lands  by  various  uranium  exploration  companies. 

Greg  Mills  and  I  decided  it  would  be  in  the  best  interest  of  the  State 
to  take  a  field  trip  to  Alzada  in  order  to  confirm  conflicting  reports  about 
the  exploration  companies.    The  trip  plan  was  basically  that  the  Department 
of  State  Lands  and  Department  of  Natural  Resources  and  Conservation  would: 
1)    investigate  where  the  companies  were  drilling;  2)  see  what  problems  were 
involved  in  the  uranium  exploration;  3)  see  what  area  Impacts  had  occurred 
environmentally;  4)  talk  with  the  local  inhabitants  to  see  how  and  if  they  were 
being  affected;  5)  try  to  identify  any  possible  problems  which  are  associated 
with  in-situ  leach  mining  and  exploration  of  uranium;  6)  talk  with  thefield 
personnel  of  each  of  the  uranium  exploration  companies  and  examine  their 
proposed  and  future  plans;  7)  obtain  names  of  their  exploration  staff; 

8)  discuss  the  exploration  techniques  each  of  the  exploration  companies  are  using; 

9)  consider  the  general  aeology  in  the  area;  10)  obtain  available  geohydrologic 
information  from  the  different  uranium  exploration  companies;  11)  identify  any 
drilling  problems;  12)  identify  well  hole  problems;  13)  examine  well  abandonment 
along  with  other  techniques  and  practices;  14)  check  for  water  rights  violations; 
and  15)  check  for  reclamation  at  exploratory  well  sites. 

To  summarize  briefly  my  fact-finding  trip  - 

1)  There  are  direct  violations  in  uranium  exploration  both  of  the 
Department  of  State  Lands  and  of  the  Department  of  Natural  Resources 
and  Conservation  rules  and  regulations. 

2)  There  is  a  definite  lack  of:    geohydrologic  data,  well-monitoring 
programs,  and  a  basic  understanding  of  the  area  ground  water  hydrology. 


3) 


The  area  has  a  high  potential  of  cross  contamination  of  the  ground 


water  aquifers  due  to  the  improper  methods  of  well  hole  abandonment 
by  the  uranium  exploration  companies. 

4)    There  are  violations  in  the  oil  and  gas  developments,  in  that 
wells  are  not  being  properly  plugged,  cased,  and  grouted  in  the 
Alzada  area. 

In  review  of  findings  1)  through  4)  above,  it  is  apparent  that  gross 
violations  of  State  of  Montana  rules  and  regulations  are  taking  place.  The 
probable  result  of  these  violations  will  be  a  diminishment  of  the  rights  of 
senior  appropriators  both  in  quantity  and  quality  of  water.    I  therefore 
recommend  that  the  Department  of  Natural  Resources  and  Conservation  take  an 
active  role  in  protecting  the  water  rights  of  the  citizens  of  southeastern 
Montana. 


FIELD  TRIP 

During  May  22  through  the  25,  1979,  the  following  information  was  obtained 
on  my  field  trip  to  the  Alzada,  Montana  area.    Currently  there  are  three  major 
uranium  exploration  companies  drilling  exploration  holes  in  this  area,  and 
another  company  has  recently  filed  for  drilling  permits. 

These  companies  are  as  follows: 

(1)    AMOCO  Mineral  Comapny,  333  West  Hampton,  Suite  508,  Englewood, 
Colorado  80110,  (303-751-5921); 

Project  Manager  -  John  Squyres 
Senior  Geologist  -  M.  J.  Maxson 

Dr.  R.G.Karatsas  -  Standard  Oil  of  Indiana,  Chicago,  Illinois 

Presently  Standard  Oil  of  Indiana  is  in  joint  venture  with  AMOCO  Mineral 
Company.    AMOCO's  role  is  to  furnish  technical  assistance  and  to  develop  their 
claims  and  leases  for  commercial  mining.    Standard  Oil  of  Indiana  will  furnish 
the  capital  for  this  exploration. 

t 

Initially,  Uranium  Resource  Incorporated,  Richardson,  Texas,  had  an 
agreement  with  AMOCO  to  do  their  preliminary  exploration  in  Carter  County, 
Montana.    On  December  1,  1978,  the  Department  of  State  Lands  received  a  letter 
from  Uranium  Resources  Incorporated,  stating  that  they  had  executed  an  operational 
agreement  with  AMOCO  and  in  said  agreement,  that  Uranium  Resources  Incorporated 
assigned  their  exploration  rights  to  AMOCO  for  their  claims  and  leases  in  Carter 
County.    This  consisted  of  one  hundred  drill  permits  issued  by  State  Lands. 

Presently,  AMOCO  has  one  hundred  drill  permits  of  which  ten  are  drilled 
and  are  applying  for  an  additional  300  more.    Mr.  Mike  J.  Maxson  (AMOCO) 
and  Dr.  R.  G.Karatsas  (Standard  Oil  of  Indiana)  met  in  Helena,  Montana  on 
June  14,  1979,  at  the  Department  of  State  Lands  with  the  Department  of  State 
Lands,  Health  and  Environmental  Sciences,  and  the  Department  of  Natural 
Resources  and  Conservation.    AMOCO  stated  that  they  were  in  the  process  of 
applying  for  a  permit  for  a  pilot  in-situ  leach  plant.    They  requested  each 
state  agency  to  write  to  them,  in  a  formal  letter,  stating  what  they  would  have 
to  do  for  a  permit. 
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(2)  Frontier  Resource  Incorporated,  First  National  Bank  Building,  621 
17th,  Suite  2201,  Denver,  Colorado  80293,  (303-392-1036). 

General  Manager  -  J.  S.  Drever 
Controller  -  Dan  St.  George 
Chief  Geologist  -  Fredrick  Smith 

On-site  Project  Geologist  -  Terry  L.  Taylor  (Alzada,  Montana) 

Frontier  Resource  Incorporated  is  in  joint  venture  with  Marathon  Oil 
Company.    Frontier  Resource  Incorporated  will  furnish  technical  expertise  and 
Marathon  Oil  Company  will  furnish  the  capital  for  their  exploration  and 
development  of  their  leases  and  claims. 

Presently  Frontier  Resource  Incorporated  has  294  permits  and  have  drilled  143. 
They  are  applying  for  293  additional  permits. 

On  January  4,  1979,  Leo  Berry,  Jr.,  Commissioner  of  the  Department  of 
State  Lands  issued  an  amendment  to  Notice  of  Non-Compliance  #30,  stating: 

On  October  30,  1978,  the  Department  of  State  Lands  issued  a  Notice 
of  Noncompliance    #30  to  Frontier  Resource  Incorporated  for  the  drilling 
of  two  complete  and  two  incomplete  prospecting  holes  in  Carter  County, 
Montana  without  a  prospecting  permit  pursuant  to  Chapter  10  of  Title 
50,  R.C.M.,  1947,    The  Montana  Strip  and  Underground  Mine  Reclamation  Act. 
Since  the  issuance  of  that  Notice  of  Noncompliance,  the  Department  has 
discovered  that  Frontier  Resources  obtained  and  drilled  seven  holes  in 
violation  of  the  quarter  mile  relocation  allowance.    Therefore,  the  Notice 
of  Noncompliance  #30  is  hereby  amended  by  adding  to  the  second  paragraph, 
thereof,  the  following  sentences: 

In  addition,  prior  to  September  21,  1978,  Frontier  Resources  drilled 

49  prospecting  holes  in  Carter  County  without  a  valid  prospecting  permit. 

Frontier  Resources  also  drilled  7  holes  in  violation  of  the  quarter  mile 

relocation  allowance  during  1977  drilling  season. 

(3)  Kerr  McGee  Resources,  Corporation,  401  East  E.  Street,  Casper, 
Wyoming  82601  (307-237-9318). 

Regional  Exploration  Manager  -  George  Christiansen 
Project  Geologist  -  Ken  Hatfield 

Geologist  -  Walt  Olson,  Spearfish,  South  Dakota  (605-642-5748) 
Geohydrologsit  -  Chris  Clark,  Oklahoma  City,  Oklahoma  (405-270-3971) 

Kerr  McGee  Resource  Corporation  is  a  joint  venture  with  Chevron  Oil 
Company,  who  is  furnishing  their  capital  for  their  exploration  company. 
Presently  Kerr  McGee  has  1102  permits  and  the  estimated  drilled  wells  at 
approximately  876.    They  are  applying  for  an  additional  464  permits. 

(4)  Energy  Reserve  Group,  Mineral  Exploration  Division,  1536  Cole 
Boulevard,  Golden,  Colorado  80401. 

Landman  -  Robert  Silverman 

They've  recently  applied  for  150  well-site  permits  in  the  Alzada  area. 
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SOCIAL  IMPACTS  OF  CURRENT  AND  PROPOSED  URANIUM  EXPLORATION  IN  ALZADA  AREA 


1.  AMOCO  has  one  drill  rig  in  use  and  is  anticipating  an  additional  drill 
rig,  log  truck,  and  water  truck,  to  be  used  in  the  1979-1980  season's  drilling 
program.    Approximately  24  people  will  be  brought  into  the  Alzada,  Montana  area. 
This  includes  geologists,  driller,  drivers  and  mud  loggers. 

2.  Frontier  Resources  Incorporated  currently  has  two  drilling  rigs  in 
use  and  is  anticipating  one  more  drill  rig,  water  truck  and  one  more  log  truck. 
Approximately  30  people  will  be  brought  into  the  Alzada  area.    This  will  include, 
geologists,  drillers,  drivers  and  mud  loggers. 

3.  Kerr  McGee  has  four  drilling  rigs  in  use.    They  have  brought  in  about 
36  people  which  includes  geologists,  drillers,  drivers  and  mud  loggers. 

All  companies  are  planning  to  drill  and  explore  as  long  as  weather  permits. 

PROBLEMS  ASSOCIATED  WITH  URANIUM  EXPLORATION  IN  THE  ALZADA,  CARTER  COUNTY  AREA 

The  following  briefly  describes  problems  which  Greg  Mills,  Alama  Plan- 
tenberg  (Department  of  State  Lands)  and  I  encountered  on  our  joint  field 
trip  to  the  Alzada  area. 

Photographs  (2a,b,c)  of  NW^a  NW%  NW%  of  Section  20,  Township  9  South, 
Range  57  East,  show  an  AMOCO  drill  site,  where  several  uranium  exploration 
wells  were  drilled  in  an  alkaline  seep  area.    When  Greg  Mills,  Alama  Plan- 
tenberg  and  I  visited  this  site,  the  area  was  a  wet  bog  compared  to  the  dusty, 
dry  areas  surrounding  the  seep.    As  you  can  see  in  these  photos,  the  site  consisted 
of  disturbed  ground,  two  case  wells,  a  mud  pit,  and  several  vehicle  imprints 
in  the  seep  area.    It  is  really  not  known  when  this  area  will  be  dry  enough  to 
start  reclamation.    Potential  problems  that  exist  in  areas  such  as  this  are  loss 
of  livestock  and  denudation  of  vegetation. 

Photographs  (2d,  e,  f,  g,  h)  of  the  same  area  as  2a  through  c,  deal  with 
well  casing  and  related  problems.    When  this  well  was  originally  drilled,  bentonite 
mud  and  an  organic  drilling  fluid  called  "Revert"  were  used.    In  April  and  May 
of  1979,  publications  by  the  Water  Wei  1  Journal ,  discussed  the  controversy  which 
surrounded  Revert  as  a  drilling  fluid. 

Revert  has  caused  bacterial  contamination  in  water  wells  when  used  in 
drilling.    Several  states  have  outlawed  the  use  of  Revert  due  to  the  bacterial 
contamination  of  water  wells.    In  talking  with  Mr.  Pete  Norbeck  (Geohydrologist, 
Montana  Bureau  of  Mines),  he  states  that  when  using  Revert  in  drilling 
water  wells  or  exploratory  drilling  programs,  there  is  a  high  potential  for 
bacterial  contamination  to  the  well  and  to  the  ground  water  aquifer,  especially 
if  there  is  strong  groundwater  movement  within  the  aquifer. 

Photograph  2d  shows  the  type  of  drill  casing  used  in  these  wells.  The 
casing  is  a  spun-fiberglass  plastic  casing  which  AMOCO  would  use  in  their  wells  if 
granted  a  pilot  test  permit.    During  this  field  trip,  Mr.  M.  J.  Maxson 
(Senior  Geologist,  AMOCO),  and  I  officially  inspected  by  means  of  a  downhole 


camera,  two  of  the  wells  cased  with  this  type  of  casing  (photos  2f,g,  h). 
According  to  Mr.  M.  J.  Maxson  (photo  2h)  his  pipe  joint  is  not  sealed  properly. 
If  this  type  of  problem  was  to  occur  and  was  not  caught  in  a  pilot  plant  or 
production  well,  field    and  if  pumped  or  injected,  the  well  joint  could  possibly 
contaminate  the  groundwater  aquifer  through  a  lateral  excursion. 

Photographs  (3a,  b,  c)  of  NE%  NW%  NH%  of  Section  20,  Township  9  South, 
Range  57  East,  show  another  site  drilled  by  AMOCO.    As  seen  in  these  photos,  this 
site  is  in  the  process  of  being  reclaimed.    The  top  5  to  10  feet  of  the  well  hole 
is  plugged  by  cement  plugs.    The  problem  is  that  the  remainder  of  the  hole  is 
plugged  with  a  quick  gel  cement.    In  talking  with  the  Montana  Bureau  of  Mines, 
this  plugging  could  rupture  with  time.    This  well,  and  other  wells  plugged  by 
this  means,  have  a  high  potential  for  contamination  of  aquifers.    If  a  pilot 
plant  was  set  up  in  the  area,  as  AMOCO  intends  this  well  hole  could  possibly 
lead  to  an  excursion  and  could  co-mingle  with  the  groundwater  aquifer  now  in  use 
by  prior  right  holders. 

Photographs  (9a,  b)  of  HEk  SE%  NEJ4  of  Section  25,  Township  8  South,  Range 
57  East,  shows  a  uranium  exploration  well  drilled  by  Kerr  McGee  in  a  reservoir. 
The  abandoned  hole  is  now  leaking  methane  gas  probably  from  the  Muddy  Formation. 
It  seems  to  be  a  low  pressure  gas,  and  is  probably  due  to  poor  well  abandonment 
procedures.    In  talking  with  Kerr  McGee  geologists,  they  feel  it  would  be  difficult,, 
if  not  impossible,  to  stop  the  leaking.    In  photograph  (9b),  Greg  Mills  is  shown 
igniting  the  bubbling  methane  gas.    (This  hole  is  now  plugged). 

Photograph  (lOa,  b)  of  Mh  SEh  SE%  of  Section  35,  Township  8  South,  Range 
57  East,  at  well  No.  85728-79,  shows  the  well  drilled  on  the  lake  shore.  It 
has  not  been  plugged  properly.    Currently  this  well  would  be  in  violation 
of  State  Lands  policies  (1)  drilling  within  100  feet  of  drainage  or  lake 
(reservoir)  and  (2)  not  being  plugged  with  a  seismic  cap. 

Photograph  (Ua,  b)  are  in  the  same  vicinity  but  located  400  feet  east. 
These  photos  show  the  damage  and  "tracks"  left  while  attempting  to  drill  in  the 
reservoir  during  the  early  spring  and  late  winter  months  of  1979.    It  is  not 
known  whether  or  not  they  succeeded  in  drilling  the  exploration  hole  in  the  lake. 

Photographs  (12a,  b)  of  SW%  NW%  mk  of  Section  27,  Township  8  South, 
Range  57  East,  show  the  cable  rig  used  for  a  gas  exploration  hole,  prior  to  1966. 
In  talking  with  the  Cochran  Grazing  Association  manager,  Mr.  Waterland,  he 
stated  that  they  have  tried  to  contact  the  geologist  who  drilled  this  well  last 
year  in  an  attempt  to  get  him  to  remove  his  drill  rig  and  to  fill  the  mud  pit. 
On  inspecting  this  site,  there  was  methane  gas  leaking  around  the  well  casing. 
Problems  which  might  occur  are  co-mingling  and  cross  contamination  of  ground 
water  aquifers. 

Other  problems  which  have  been  reported  to  me  in  conversations  with  the 
local  ranchers  and  inhabitants  in  the  Alzada  community  include  water  trucks 
from  the  different  exploration  companies  withdrawing  surface  water  (without 
a  water  permit  from  the  Department  of  Natural  Resources  and  Conservation) 
from  the  Little  Missouri  River,  Thompson  Creek,  and  Willow  Creek.    When  I 
questioned  Terry  L.  Taylor,  on-site  geologist  for  Frontier  Resource  Incorporated, 
he  stated  he  didn't  think  they  had  to  apply  for  a  permit  from  the  Department  of 
Natural  Resources  and  Conservation  for  their  drilling  operation. 
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Problem  Summary 

1.  There  is  a  high  probability  that  there  are  many  uranium  exploration 
wells  that  are  not  plugged,  or  are  not  plugged  properly  conforming  to  legal 
requirements. 

2.  There  are  probably  surface  water  right  violations  in  which  exploration 
drillers  have  withdrawn  water  without  a  water  right  permit  from  the  Department 
of  Natural  Resources  and  Conservation. 

3.  There  are  oil  and  gas  exploration  wells  not  plugged  properly. 

4.  In  the  area  affected  by  uranium  exploration,  there  are  (a)  a  high 
potential  of  cross  contamination  between  ground  water  aquifers;  (b)  a  static 
water  level  drop  within  the  water  wells  of  this  area;  (c)  a  possible  contamination 
of  ground  water  aquifers  by  drilling  fluid  and;  (d)  a  possibility  of  damage  to  the 
domestic  and  commercial  water  right  users  who  have  water  right  permits  from  the 
Department  of  Natural  Resources  and  Conservation  for  their  water  wells. 


ALZADA  COMMUNITY  VIEWS 

In  talking  with  the  local  inhabitants  of  the  community,  including 
ranchers  and  county  commissioners,  they  have  concerns,  expressed  to  me,  as  to  what 
actions  the  Department  of  Natural  Resources  and  Conservation  proposes  to 
take  in  order  to  protect  their  prior  water  rights.    Many  of  their  water  wells  are 
located  within  the  same  area  as  the  uranium  deposits,  and  in  essence,  this 
formation  is  the  sole  supply  for  their  water. 

They  have  stated  to  me  that  they  are  planning  to  develop  irrigation  wells  within 
the  same  formation  which  is  presently  being  explored  by  the  uranium  exploration 
companies. 

The  community,  as  a  whole,  is  not  against  uranium  exploration  development, 
but  they  want  it  done  properly  and  with  their  prior  water  rights  protected. 


CURRENT  PROBLEMS  OCCURRING  IN  WYOMING  IN  IN-SITU  LEACH  MINING 

Presently  Wyoming's  only  commercial  in-situ  leach  mining  operations, 
Irigaray  Uranium  Solution  Project,  is  now  faced  with  contamination  by 
excursions  of  high  chloride  and  alkaline  solutions  in  their  monitor  test 
wells.    In  talking  with  Mr.  Roger  Peterson  from  the  Department  of  Environmental 
Quality,  Land  Quality  Bureau,  he  states  that  there  is  presently  an  excursion 
occurring  in  the  Irigaray  site,  possibly  due  to  a  casing  (PCV)  failure.  It 
is  believed  that  the  casing  was  overstressed  and  ruptured,  leading  to  a  lateral 
excursion.    He  feels  that  even  with  the  present  technology  and  the  current 
geologic  and  hydrologic  study  within  the  Irigaray  project,  (done  by  the  U.S. 
Nuclear  Regulatory  Com.mission)  that  restoration  of  groundwater  quality  which  was 
contaminated  by  the  excursion,  is  not  possible.    He  does  feel,  however,  in  the 
future  as  technology  grows    and  as  in-situ  leach  mining  develops,  that  restoration 
of  an  aquifer  that  has  excursion,  may  be  possible. 

The  present  problems  in  Wyoming  are:  (1)  well  hole  abandonment  (many 
of  the  holes  drilled  in  Wyoming  are  not  plugged  and  even  if  every  hole  was 
plugged  properly,  at  least  10  percent  do  not  seal);    (2)  well  holes  that  are 


-6- 


not  plugged,  which  have  been  drilled  into  an  artesian  aquifer  and  are  now 
leaking,  causing  bogs  in  which  livestock  losses  are  occurring;    (3)  artesian 
aquifer,  and  especially  perched  aquifer,  water  levels,  have  dropped  consistently; 
(4)  many  sites  are  not  reclaimed;    (5)  co-mingling  of  ground  water  aquifers; 
(6)  exploratory  holes  that  are  being  drilled  and  not  reported;  and,  (7) 
domestic  water  wells  drying  up  completely. 

Mr.  Peterson  recommends  that  the  state  of  Montana  definitely  obtain  a 
baseline  study  which  would  give  an  accurate  hvdroloqy.  geohydrology ,  geoloay, 
water  quality,  and  air  quality  study.    He  also  emphasizes  that  the  state 
monitor  the  abandonment  of  exploration  well  holes.    Also,  if  the  state  is  to 
issue  a  pilot  plant  test  permit,  that  the  state  should  limit  the  size  to  a 
five  spot  well  field  and  realize  that  in  all  actuality,  that  under  current 
technology,  the  area  may  not  be  restored.    Every  pilot  plant  and  well  field 
should  be  intensely  studied  and  the  state  should  monitor  these  wells. 
The  strongest  comment  stated  by  Wyoming  Department  of  Environmental  Quality,  was: 
Any  state  which  is  faced  with  uranium  in-situ  leach  mining  and  exploration, 
must  have  a  state  agency  or  a  group  of  state  agencies  with  a  conscience  for  the 
protection  of  their  citizens.    These  agencies  must  regulate,  control  and  protect 
prior  rights  of  their  citizens  before  permanent  damage  does  occur.    Due  to  the 
lack  of  control,  regulation  and  monitoring  in  the  beginning  stages  of  in-situ 
mining  and  exploration  in  Wyoming,  Wyoming  is  presently  faced  with  serious 
problems  and  they  do  not  know  if  they  can  be  corrected. 

Montana  is  now  faced  with  these  same  problems  and  in  review  of  the  lack  of 

coordination,  manpower  and  reluctance  for  involvement  in  in-situ  leach ^ 

mining,  I  would  have  to  say  the  same  problems  will  occur  and  are  occurring  now 
in  Montana. 


GEOLOGIC  SETTING 

Alzada,  Montana  is  located  in  the  very  southeastern  corner  of  Montana  and  is 
part  of  the  Great  Plains  physiographic  province  (Figure  1).    The  area  of 
influence,  from  solution  mining  surrounding  Alzada,  is  approximately  756 
square  miles  (1958.04  square   m    )  and  is  located  structurally  and  tODographically 
on  the  northern  nose  of  the  Black  Hills  arch.    The  surface  configuration  in 
the  Alzada  area  is  characterized  by  gentle  rolling  uplands,  which  have  been 
extensively  dissented,  and  by  broad  valleys.    The  dominant  drainage  of  the  area  is 
the  Little  Missouri  River  and  its  tributaries  which  have  downcut,  entrenched,  and 
formed  a  dendritic  drainage  pattern. 


CLIMATE  AND  WATERSHED 

This  area  is  considered  a  typical  semi -arid  climate  with  extensive  diurnal 
changes  in  temperature.    The  average  yearly  precipitation  is  approximately 
13  inches  indicating  relatively  low  humidity  in  the  area. 

During  conference  discussions  with  DNRC  hydrologist,  Larry  Brown,  the 
following  hydrologic  information  was  developed. 

Surface  water  production  in  chis  type  of  watershed  is  dependent  upon 
and  limited  to,  spring  runoff  and  isolated  precipitation  events. 


Various  U.S.  Geological  Survey  (USGS)  records,  including  those  from  crest 
gages  and  perennial  streamflow  recorders,  indicate  wide  variation  in  discharges 
from  the  sub-basin.    Spring  runoff  and  flash  floods  produce  flows  in  excess  of 
150  ft-5/second  from  the  smaller  watersheds.    Most  streams  are  intermittent, 
running  only  in  relationship  to  precipitation  events,  snowmelts,  and  springs 
dependent  on  local  aquifers  for  recharge.    Generally,  sprina  runoff  occurs  from 
March  through  May,  and  lasts  from  3  to  13  days  in  most  watersheds  dependino 
primarily  on  area,  aspects,  soil  types,  temperatures,  and  vegetation.  Flows 
of  less  than  1  ft3/second  are  prevalent  during  most  runoff  seasons. 

The  Little  Missouri  River's  average  annual  discharge  is  approximately 
81.8  ft-^/second  or  59,220  acre-feet  oer  year.    Extreme  discharges  during  spring 
runoff  may  exceed  6000  ft3/second.    Average  seasonal  peaks  are  about  500  to  950 
ft-^/second.    Summer  flows  of  approximately  20-35  ft3/second  are  common. 
Flows  of  less  than  1.0  ft^/second  are  common  during  the  winter  months  when  ice 
formation  occurs  throughout  the  watershed. 


REGIONAL  GEOMORPHOLOGY 

Figure  3  represents  a  photographic  overview  of  the  regional  geomorphology 
in  the  Alzada,  Montana  area  where  uranium  exploration  is  presently  taking  place. 
Photographs  lA  through  8A  characterize  aspects  of  the  regional  geomorphology  of 
the  area  affected  by  uranium  exploration.    Each  geological  formation  discussed 
IS  based  on  S-tratiqraphy  and  Structure  of  the  Northern  and  Western  Flanks  of 
the  Black  Hills  Uplift  of  Wyoming,  Montana  and  South  Dakota,  as  described  in 
USGS  Professional  Paper,  404,  1964.  ~ 

Photographs  lA  through  6A  are  from  a  series  of  pictures  which  were 
photographed  in  the  middle  of  Township  9  South,  Range  57  East,  on  a  NW  to  SE 
trending  ridge.    This  ridge  represents  a  major  topographic  high  (~  3850') 
and  is  located  structurally  on  the  western  flanks  of  the  northern  plunge  of  the 
Black  Hills  arch  (Figure  4). 

Photograph  lA,  SE'4  SE%  NW%  of  Section  21,  Township  9  South,  Range  57 
East,  facing  east;  over  looks  the  northern  plunge  of  the  Black  Hills  arch. 
The  topography  in  this  area  can  be  considered  part  of  a  breached  anticline 
structure  in  which  the  crest  of  the  northern  plunge  of  the  axis  of  the  anticline 
has  been  deeply  eroded  by  the  Little  Missouri  River  and  its  tributaries.  The 
breaching  of  the  anticline  by  the  Little  Missouri  and  its  tributaries  seems  to 
be  structurally  controlled  and  is  reflected  by  the  drainage  patterns  that  are 
orientated  in  the  N'^-J-NE  trend  perpendicular  to  the  NW  to  SE  axis  of  the  Black 
Hills  arch  (Figure  4). 

With  time,  this  area  has  developed  into  a  small  topographic  basin  in  which 
the  flanks  of  the  arch  are  represented  by  moderate  ridges  forming  topographic 
highs  on  the  structural  flanks  of  the  anticline. 

Photograph  2A  facing  north,  mh  mh  NW%,  Section  20  Township  9  South,  Range 
57_East,  shows  several  uranium  exploration  wells,  in  tight-pattern  formation, 
which  were  drilled  in  an  alkaline  seep  area.    Note  the  white  sodium  dispersion  in 
the  area  and  the  lack  of  any  vegetation.    The  geological  formation  exposed  is 
the  middle  member  of  the  Upper  Cretaceous,  Turner  sandy  member  of  the  Carlile 
Shale  formation.    The  Turner  is  characterized  by  gray  sandy  shales  and  silt  stones 
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with  numerous  beds  of  light  yellow  or  reddish-brown,  weathering,  silty  and 
ferruginous  1 imestone, concretions ,  150  to  260  feet  thick. 

Photograph  3A,  facing  southeast  in  the  NE%  Mh  NV/%  of  Section  20,  Township 
9  South,  Range  57  East,  is  another  uranium  exploration  site  drilled  in  January 
of  1978.    This  site  is  supposedly  in  the  process  of  reclamation  by  the  uranium 
exploration  company.    The  disturbed  areas  with  no  vegetation  and  "the  white  marker 
with  an  orange  top  is  the  drillpad  and  exploratory  well  hole.    The  geological 
formation  exposed  here  is  still  the  Turner  sandy  member. 

Photograph  4A  is  located  in  the  same  location  as  Photograph  3A,  but  is  facing 
northwest.    The  disturbed  ground  in  the  bottom  of  the  photograph  is  the  drillpad. 
Note  the  black  stained  area  located  in  the  center  of  the  picture  along  side  and 
on  the  road.    This  residue  consists  of  a  mud  slurry  mixture  of  drilling  mud 
and  drill-cuttings.    In  the  top  right    hand  side  of  the  photograph  a  bare 
steep  bank  is  seen.    This  is  the  exposed  contact  between  the  bottom  unit  of  the 
Upper  Cretaceous  Carlile  formation,  top  Sage  Breaks  member  and  the  underlying  Turner 
sandy  member.    The  Sage  Breaks  member  is  a  gray  noncalcareous  shale  with  numerous 
beds  of  light  gray,  weathering,  septarian  limestone  concretion,  200  to  300 
feet  thick. 

Photograph  5A  facing  northeast  in  the  SE^a  H\ih  NW%  of  Section  21,  Township  9 
South,  Range  57  East  is  looking  down  a  dendritic  tributary  of  Willow  Creek. 
The  rolling  topograpny  and  sparse  vegetation  is  fairly  characteristic  of  this 
area.    The  geologic  formation  exposed  here  is  the  Upper  Cretaceous,  concretionary 
facies  of  the  Green  Horn  formation.    The  concretionary  facies  is  a  noncalcarous 
gray  shale  with  zones  of  light  gray,  weathering,  septarian  concretions  in  the 
central  part  of  the  area  thinning  to  70  feet  westwardly. 

Photograph  6A  facing  north,  SW%  SW%  SW%  of  Section  32,  Township  8  South, 
Range  58  East,  shows  an  excellent  example  of  vegetation  and  sodium  dispersion 
occuring  in  this  area.    The  soil  profile  consists  of  a  high  sodium,  bentonitic 
composition.    The  geologic  formation  here  is  the  Upper  Cretaceous ,  Bel le  Fourche 
Shale  formation  in  which  the  betonite  rich  deposits  will  be  developed  for  commercial 
openpit  mining.    The  Bel  le  Fourche  Shale  is  a  dark  shale  with  numerous  purplish 
red,  weathering,  siderite  concretions  in  the  lower  part,  and  light  gray  and 
yellowish  gray,  weathering  limestone  concretions  in  the  middle  and  upper  parts, 
350  to  850  feet  thick  in  the  upper  part  of  the  gray  red  bentonite  beds. 

Photographs  7A  of  NE%  NW%  SEh  of  Section  35,  Township  8  South  Range  57 
East,  and  8A  of  HWs  Nl\l%  SEh  of  Section  14,  Township  8  South,  Range  57  East 
show  the  lower  stream  terraces  and  valley  basin.    The  geologic  formation  in  this 
area  is  recent  alluvial  deposits  in  bands  5  miles  in  length  and  50  feet  thick. 
The  area  consists  of  well  drained,  moderately  fine  textured  co  fine  textured  soils. 
Typically  the  surface  layer  is  light  brownish,  silty  clay  loam.    The  sub-soil 
is  a  heavier,  light  yellowish,  brown   silty  clay  loam.    This  type  of  area  is 
primarily  in  rangeland  with  some  being  developed  for  dryland  farming,  irrigated 
hay  and  smal 1  grains. 
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STRATIGRAPHY  AND  STRUCTURE 

The  strarigraphic  bedrock  units  that  outcrop  in  the  area  affected  by  uranium 
exploration  are  sedimentary.    As  discussed  on  pages  12-14,  the  surface  geology  is 
domnated  by  upper  Cretaceous  outcrops  (Figure  4).    Along  the  outside  border  of 
this  area,  younger,  upper  Cretaceous,  Paleocene,  and  younger  sedimentary  units 
are  exposed     As  previously  mentioned  this  area  lies  structurally  on  the  northern 
plunge  or  the  Black  Hills  arch. 

Structurally  the  Black  Hills  arch  is  a  broad  northwest  trending  anticline 
uplift  approximately  200  miles  long  and  70  miles  wide.    The  flanks  of  the 
structure  border  the  Williston  Basin  to  the  northeast,  and  the  Powder  River 
Basin  to  the  west  and  southwest.    Figure  5  is  an  outline  map  of  the  area 
relating  the  Black  Hills  uplift  and  nearby  structural  features.    Within  the 
black  Hills  uplift,  the  strata  has  been  upwarped  to  form  a  dome  whereby  older 
rocks  have  been  exposed  toward  the  center  and  the  younger  rocks  along  the  flanks 
?u        sf^^cture.    These  outcrop  patterns  are  structurally  controlled  by 
the  Black  Hills  arch. 

The  regional  lithology  of  each  individual  strati graohic  unit  varies  from 
area  to  area.    USGS  Professional  Paper  404  (Stratigraphy' and  Structure  of  the 
Northern  and  Western  flanks  of  the  Black  Hills  uplift,  Wyoming,  Montana,  South 
uakota,  1954),  best  describes  the  general  lithology.    The  sedimentary  rocks 
exposed  on  the  northern  and  western  flanks  of  the  Black  Hills  arch  in  the  mapped 
area  havean  aggregated  thickness  of  about  11,000  feet  and  range  in  the  age 
from  Mississippian  to  Quaternary.    There  rocks  may  be  divided  into  23  formations 
exclusive  ot  surficial  deposits  of  tertiary  and  Quaternary  ages.    The  distribution 
ot  the  formations  is  shown  by  the  geologic  map  (Figure  4).    A  summary  of  their 
thickness  and  lithology  is  given  in  table  1. 

All  the  sedimentary  rocks,  from  the  Pahasapa  limestone  of  Mississippian 
age  to  the  Wasatch  formation  of  Eocene  age,  are  about  concordant  in  dip,  although 
deposition    was  not  continuous  as  shown  by  unconformities  at  the  base  of  the 
Minnelusa  formation  of  Pennsyl vanian  and  Permain  age,  the  Opeche  formation  of 
Permian  age,  the  Gypsum  Spring  formation  of  Middle  Jurassic  age,  the  Sundance 
formation  of  late  Jurassic  age,  and  the  Fall  River  formation  of  early  Cretaceous 
age.    The  Wasatch  formation  and  older  rocks  were  deformed  and  eroded  during 
early  Tertiary  time.    The  White  River  formation  of  Oligocene  age  was  deposited 
unconfomably  on  the  uplifted  older  beds. 

Rocks  of  marine  and  nonmarine  origin  occur  equally.    The  Mississippian  Pahasapa 
limestone  is  marine.    Pennsylvania,  Permian,  and  Triassic  rocks  probably  were 
deposited  mostly  in  shallow  marine  embayments.    Marine  sediments  were  deposited 
over  the  area  during  parts  of  Middle  and  Late  Jurassic  time,  followed  by 
nonmarine  deposits  m  Late  Jurassic  and  part  of  Early  Cretaceous  time.  Much 
of  the  Cretaceous  is  represented  by  a  thick  marine  sequence  beginning  with  the 
Skull  Creek  shale  and  ending  with  the  Fox  Hills  sandstone.    Younger  Cretaceous 
and  Tertiary  rocks  are  nonmarine. 

As  much  as  600  feet  of  sedimentary  rocks,  older  than  Mississippian,  outcrop 
parts  of  the  Black  Hills  uplift  east  and  southeast  of  the  mapped  area.  The 
thicknesses  and  lithologies  of  these  rocks  are  summarized  in  table  1.  They 
include  strata  of  Late  Cambrian,  Early  and  Middle  Ordovician,  and  Early 
Mississippian  age.    In  addition,  sedimentary  rocks  of  Silurian,  Devonian,  and 
Late  Mississippian  age  were  found  during  drilling  operations  in  the  Williston  basin 
north  of  the  Black  Hills.    Equivalent  strata  may  extend  varying  distances  south- 
ward via  the  subsurface  into  southern  Carter  and  Powder  River  Counties, 
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Montana,  and  perhaps  into  northern  Crook  County,  Wyoming. 


SUBSURFACE  GEOLOGY 

The  stratigraphic  units  that  are  being  explored  by  the  uranium  exploration 
companies  and  all  the  major  economic  uranium  discoveries  within  the  Black  Hills 
arch  are  contained  within  strata  of  the  lower  Cretaceous  lyan  Kara  group.  The 
lyan  Kara  consists  of  subeaual  amounts  of  complex  interbedded  and  intertongued 
sandstone  and  claystone.    The  group  is  bound  below  by  continental  Jurassic  sediment 
of  the  Morrison  formation  and  is  overlain  by  marine,  lower  Cretaceous  Skull 
Creek  shale. 

Presently  the  principle  economic  uranium  deposits  are  occurring  from  one  to 
five  miles  downdip  at  a  depth  ranging  from  100  to  600  feet.    Within  the  Alzada, 
Montana,  area  the  occurrence  of  uranium  deposits  are  at  a  depth  ranqinq  from 
1000  to  2500  feet. 

The  lyan  Kara  group,  as  seen  in  table  1,  is  divided  formally  into  lower 
Cretaceous  system,  Lakota  and  Fall  River  formation.    These  are  generally 
considered  nonmarine  deposits  or  respectively  continental  and  marginally  marine 
(Bergndahl,  et.al.  1961;  Robinson,  C.S.,  et.al.,  1964;  Renfro,  A.R.,  1969). 

The  Lakota  formation  ranges  regionally  within  the  structure  from  45  to  300 
feet  thick.    The  thickness  varies  within  a  short  distance.    The  basal  Lakota 
strata  are  discontinuous,  green,  red,  brownish  red,  greenish  gray,  claystone 
and  siltstone  facies  that  grade  into  a  sandstone  facies  of  a  light  gray,  fine  to 
coarse  grain,  cherty,  quartzite  sandstone  which  contains  abundantly  disseminated 
carbon  in  a  porefilling  pyrite  matrix.    In  many  places  the  complex  interf ingering 
sequence  of  claystone  to  sandstone  to  claystone  facies  are  present. 

A.  R.  Renfro  (1969),  breaks  the  Lakota  formation  into  two  different  strati - 
graphic  units:    basal  unit  as  just  described  and  the  uppermost  units  which  is 
a  lenticular,  greenish  gray  to  light  gray  to  dark  purplish  gray  claystone  to 
sandstone  to  siltstone  sequence.    This  sequence  is  characterized  by  carbonatious 
fragments  and  ferruginous  material  throughout  the  formation.    Channel  features 
and  distems  are  common  throughout  the  Lakota  (Robinson,  et.al.,  1964;  Renfro, 
A. P.,  1969). 

The  different  uranium  geologists  in  Alzada,  tend  to  divide  the  Lakota 
formation  into  three  mappable  units  with  the  middle  member  being  an  intermittent 
discontinuous  bed  throughout  the  formation.    This  is  an  important  consideration 
to  take  into  account  v/hen  looking  at  the  local  geohydrology  of  this  area. 

In  section  20,  Township  9  South,  Range  57  East,  several  exploration  wells 
were  drilled  into  the  Lakota  formation  in  a  localized  area  of  approximately  200 
square  feet.    Within  this  pattern  of  wells  the  static  water  level  varied  considerably. 
Each  well  was  drilled  to  a  different  depth  within  the  Lakota  formation,  thus 
encountering  a  good  representation  of  the  different  hydrologic  properties  of 
each  of  the  stratigraphic  units  within  the  Lakota. 

I  believe  that  on  a  regional  scale,  the  Lakota  can  be  considered  as  single 
hydrological  unit.    In  the  Alzada  area  each  ten  acre  drilling  unit  should  be 
viewed  as  a  separate  hydrologic  unit.    The  Lakota  formation  is  a  reliable  water 
source  for  the  community  of  Alzada  for  stock,  irrigation,  and  domestic  water 
consumption. 
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The  Fan  River  formation  overlies  the  unconformable  surface  of  the  Lakota 
formation,  with  thickness  ranging  from  95  to  200  feet.    It  consists  of  a  fine 
to  medium  grain  light  yellovM  brownish  sandstone  with  innerbedded  aray  black 
shales  and  gray  siltstones.    The  claystone,  siltstone  and  shales  are  relatively 
thin  beds.    Again  this  is  a  regional  variation.    On  the  whole,  the  formation 
contains  an  abundance  of  ferrinuginous  materials  in  the  form  of  "matrix  pyrite" 
and  carbonaceous  material  widespread  throughout  the  formation.    The  Fall  River 
thickens  regionally  from  southeast  to  northwest  at  the  expense  of  the  underlying 
Lakota  formation.  (Robinson,  et.al.,  1964;  Renfro,  1969). 

Figure  6  is  a  regional  profile  of  the  Ivan  Kara  grouo  in  a  normal  depositional 
sequence  with  a  coarse  grain  sequence  of  the  Lakota  formation  and  a  fine 
grain  of  the  Fall  River  sandstone.    This  represents  the  approximate  and 
distribution  sequence  of  a  single  time  transgressi ve  depositional  system  of  the 
lower  Cretaceous  sequence. 


HYDROLOGY 

Thedifferent  hydrologic  aquifers  which  may  be  affected  by  uranium 
exploration,  and  from  possible  developments  of  in-situ  leach  uranium  mining,  ' 
are  surface  alluvium.  New  Castle  formation.  Fall  River  formation,  Lakota  formation, 
and  the  Sundance  formation.    Presently,  little  information  is  known  about  their 
hydrological  characteristics.    It  appears  that  recharge  to  these  aquifers  in  the 
Alzada  area  is  located  in  the  center  of  the  Black  Hills  arch  where  these 
formations  outcrop.    Recharge  to  these  formations  is  by  precipitation  stream 
flow  loss  (where  stream  flow  components  are  either  vertically,  laterally,  or 
longitudinal,  to  the  direction  of  ground  water  flow),  and/or  an  upward  miaration 
from  the  deep  seated  aquifers  (C.  G.  Bowlers,  1963;  Hagameyer,  1971). 

Figure  4  besides  representing  the  structural  map  of  the  northern  plunge 
of  the  Black  Hills  arch  in  the  Alzada  area,  probably  represents  the  regional 
ground  water  flow.    As  seen  in  Darcy's  equation,  ground  water  flows  from  the  level 
of  high  potential  to  that  of  the  low  potential,  and  in  most  cases  potential 
gradient  is  controlled  by  topography  with  gravity  as  the  driving  force.  One 
would  assume,  within  this  area,  that  the  ground  water  flow  follows  the  direction 
of  the  dip  of  the  structures  which  regionally  dip  northward. 

The  hydrologic  and    geohydrol ogic  data  compiled  in  this  area  is  negligible. 
There  is  very  little  ground  water  control  in  the  eastern  part  of  Montana.  The 
most  up-to-date  studies  in  the  area  are  being  done  by  the  USGS  but  this  is  limited 
to  the  Mississippian  system,  Madison  formation  (Pahasapa  formation)  which  is 
located  several  thousand  feet  below  the  lower  Cretaceous  stratigraphic  series. 
Other  studies  done  in  the  area  were  by  Eugene  S.  Perry;  Miller,  M.R.,  et.  al . , 
1977,  State  of  Montana  Bureau  of  Mines  and  Geology. 

Talking  to  Mr.  M.  R.  Miller,  a  co-author  of  the  above  publication  from  the 
Montana  Bureau  of  Mines,  he  states  that  the  information  that  was  published 
for  Alzada,  Montana,  is  not  a  complete  representation.    Many  of  the  wells  in  the 
area  are  not  recorded  within  the  Bureau  of  Mines  nor  with  the  Department  of 
Natural  Resources  and  Conservation.    But  even  with  the  deficiency  of  this  study, 
it  does  show  that  there  are  some  water  wells  within  the  same  stratigraphic 
formation  that  is  being  explored  by  the  uranium  exploration  companies.  During 
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conversations  with  many  of  the  local  peoole,  and  from  my  personal  experience  in 
this  region,  we  found  that  a  few  people  in  the  community  have  had  their  own 
water  well  drilling  rigs.    That  during  the  early  middle  and  late-middle 
today^  '"^"^  "^^^'^  ''^""^  drilled  and  not  recorded,  and  are  still  being  used 

Due  to  the  lack  of  geohydrologic  data,  calculations  with  any  deqree  of 
accuracy  cannot  be  made  to  estimate  the  amount  of  ground  water  flow,"transmissivitv 
and  storage  coefficients,  or  the  degree  of  hydrologic  connections  between 
these  aquifers.    There  aquifers  are  presently  being  used  as  a  beneficial  water 
supply  for  commercial,  live  stock,  irrigation,  and  by  uranium  exploration  companies 


SOLUTION  MINING  (IN  SITU  LEACHING  OF  URANIUM) 

This  section  provides  background  information  on  solution  mining  (in  situ 
leaching)  of  uranium.     All  of  the  following  information,  except  rollfront 
deposit  and  figure  11,  12,  and  14  was  obtained  from  the  final  environmental 
statement  related  to  the  Wyoming  Mineral  Corporation,  Irigaray  Uranium  Solution 
Mining  Project,    Johnson  County,  Wyoming),  Document  #40-85-02.    This  was  prepared 
Tor  the  U.S.  Nuclear  Regulatory  Commission,  Washington  D.  C.  on  September,  1978. 

IN  SITU  LEACH  MINING 

In  situ  leaching  (solution  mining)  of  uranium  is  a  potential  addition  to 
the  list  of  conventional  mining  methods  currently  used  to  extract  uranium 
Basically    the  in  situ  leaching  method  involves:    (1)  the  injection  of  a  leach 
solution  vnxiviant)  into  a  uranium-bearing  ore  body  to  complex  the  contained 
uranium;  (2)  mobilization  of  the  uranium  complex  formed;  and  (3)  surface 
recovery  of  the  solution  bearing  the  uranium  complex  via  production  wells 
Uranium  is  then  separated  from  the  leach  solution  by  conventional  milling 
unit  operations  (ion  exchange). 

The  environmental  advantages  of  in  situ  leaching  of  uranium  appear  to  be 
significant.    While  the  conventional  extraction  of  minerals  produces  significant 
impact  on  the  environment,  the  solution  mining  method  appears  potentially 
to  result  in  a  lesser  impact.    Compared  with  the  conventional  uranium  mining 
and  milling  operations,  in  situ  leaching  will  also  permit  economical  recovery 
of  currently  unrecoverable  low-grade  uranium  deposits,  thereby  enhancing  the 
nation  s  uranium  reserves. 

In  conventional  uranium  recovery  techniques,  the  ore  is  mined  (open  pit  or 
underground),  crushed,  ground  in  mills,  and  subsequently  leached,  using  either 
an  acidic  or  basic  oxidizing  solution  to  extract  the  uranium.    In  solution 
mining,  an  acidic  or  basic  oxidizing  solution  is  injected  into  the  produced 
from  the  naturally  situated  ore  body  via  wells  to  extract  the  uranium.  The  chemical 
technology  is  about  the  same  in  both  cases.    In  solution  mining,  however,  no  ore 
mining,  transporting,  and  grinding  operations  are  needed  before  chemical 
processing  to  recover  the  uranium.    Moreover,  there  are  no  mill  tailings  to 
be  disposed  of,  although  solid  wastes  are  generated  that  would  require 
controlled  disposal . 

In  conventional  uranium  mining,  for  each  ton  of  mined  ore,  more  than  1900 
pounds  of  solid  waste  (tailings)  are  produced,  containing  essentially  all  of  the 
associated  radium-226  and  other  daughter  products.    With  solution  mining,  less 
than  5;^  of  the  radium  from  an  ore  body  would  be  brouaht  to  the  surface. 
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Since  the  technology  for  in  situ  solution  mining  of  uranium  is  still  actively 
developing,  variations  among  the  different  operations  are  not  unusual.  Thus 
the  toMowing  background  discussion  is  general. 

For  consistency  and  clarification,  two  major  terms  are  defined. 
Solution  mining 

Solution  mining  is  a  general  term  describing  the  extraction  of  minerals 
in  liquid  form.    The  solution  may  only  contain  the  mineral  sought  from  the 
natural  source  (e.g.    salt,  sulfur)  or  may  include  other  materials  such  as  excess 
chemicals  that  have  oeen  added  to  aid  in  the  dissolution  of  the  resource  from 
Its  source  host,  reaction  by-products,  and  other  materials  associated  with  the 
mineral  deposit  co-dissolved  in  the  process. 

mineral-bearing  solution  can  be  obtained  from  its  source  in  several  ways 
A  fluid  can  be  injected  and  recovered  through  wells  from  the  mineralized  host 
beneath  the  surface  (borehole  mining)  or  sorayed  over  mineral -bearing  materials 
that  have  brought  to  the  surface  (e.g.,  dump  or  heap  leaching).    In  all  cases 
a  solution  containing  the  mineral  sought  is  produced. 

In  situ  leaching 

In  situ  leaching  is  one  of  the  many  types  of  solution  mining.    In  this 
technique,  the  mineral  sought  is  dissolved  from  its  host  source  in  place 
Un  s^tu)  and  extracted  as  a  liquid,  while  leaving  the  solid  host  material  in 
Its  natural  position.    The  basic  unit  operations  of  in  situ  leaching  of 
uranium  involve:    (1)  the  introduction  of  a  leach  solution  via  injection  wells  into 
a  uramum-beanng  ore  body;    (2)  mobilization  of  the  uranium  from  the  host  material 
via  creation  of  a  soluble  complex  salt;  and  (3)  removal  of  the  complexed 
uranium-bearing  solution  via  production  wells.    The  uranium  in  the  uranium- 
bearing  solution  IS  recovered  in  a  conventional  surface  facility  where,  generally 
an  ion  exchange  process  is  used  for  recovery. 

Process  Description 

Uranium  in  situ  solution  mining  involves  the  following  basic  components 
and  associated  processing  activities:    (1)  the  ore  body;    (2)  the  well  field; 
(3)  the  lixiviant  or  leach  liquor;    (4)  the  uranium  recovery  process;  (5) 
the  waste  treatment  process(es);    (6)  waste  management  process(es);  and 
(7)  aquifer  restoration  and  land  reclamation  process(es).    The  interrelationships 
of  these  are  discussed  in  the  following. 

Ore  Body 


Rollfront  uranium  deposits  are  generally  associated  with  fluvial  sandstone 
and  conglomerates.  The  origin  for  the  primary  source  of  the  uranium  deposits 
seems  to  be  a  m,atter  of  great  debate.    What  is  clearly  understood  is  that 
uranium  is  highly  water  soluble  in  an  oxidation  environment  and  has  a 
stron  affinity  to  carbon  in  a  reducing  environment. 

The  criteria  for  a  favorable  environment  for  an  uranium  rollfront  deposit 
protore  is  that  sediment  has  to  be  deposited  in  a  sandstone  with  abundant 
carbonaceous  material  throughout  the  formation.    The  carbonaceous  material  is 
in  the  form  of  plant  life  and  animal  life  as  deposited  and  entrapoed  during  the 
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time  of  deposition  of  the  formation.    The  Fall  River  and  the  Lakota  formation  in 
the  Alzada  area  meets  this  criteria. 

Events  following  burial  of  this  sediment  includes  initial  stages  of 
carbonization  and  fermentation  of  plant  and  animal  material  (carbonaceous), 
co-products,  anaerobic  bacteria  and  thiobacillus  which  produce  hydrogen-sulf ide 
and  hydrogen.    This  in  turn  precipitates  available  iron  in  the  form  of  pyrite. 
Uranium  in  solution  is  being  carried  by  ground  water.    The  uranium  in  motion 
was  leached  from  some  definitive  source  such  as  an  grantic  arkosic  rock  or  a 
tuffaceous  rock,  (possible  the  White  River  and/or  Fort  Union  formations). 

The  ground  water  which  carried  the  uranium  was  that  of  a  slightly  alkaline 
water  in  the  HCO3+SO4  and  SO4+HCO3  carbonate  complex.    This  ground  water  dissolved 
and  transported  the  uranium  into  the  flow  system  or  ground  water  aquifer. 
As  the  water  entered  the  aquifer  it  was  probably  rich  in  oxygen,  but  with  the 
increase  in  flow  length  there  is  a  decrease  in  oxygen  resulting  in  a  reducing 
environment.    Thus,  when  the  uranium  entered  a  reducing  area  with  a  limited  amount 
of  carbonaceous  material,  the  uranium  and  associated  minerals  were  deposited 
creating  a  lean  protore  deposit  (Hagemaier,  1971,  and  Rackley  R.  E.,  etc.,  1968). 

With  time,  as  the  water  flowed  through  the  protore  stratigraphic  unit  a 
complex  physical  biochemical  reaction  takes  place  altering  the  stratigraphic 
unit.    As  described  in  the  R.  L.  Rackely  paper  (1968). 

"The  zone  of  reaction  is  a  solution  front  or  roll.    The  changes  which 
took  place  in  the  rock  inside  the  solution  front  is  alteration.  The 
solution  front,  and  the  alteration  it  produces,  is  called  a  geochemical 
cell.    These  cells,  which  began  at  this  early  stage,  grew  like  smouldering 
fires  and  ultimately  coalesced  and  spread  as  reactive  constituents  were 
fed  to  and  enveloped  by  the  cells." 

Figures  7-9  illustrate  the  typical  uranium  rollfront  deposit,  mineral 
distribution,  rock  type,  and  principal  reactions  found  in  this  type  of 
deposit.    Elements  that  are  generally  associated  with  the  ore  deposit  are 
uranium,  arsenic,  selenium,  vanadium,  molgbdenum,  manganese,  iron,  calcite, 
and  a  small  amount  of  boron.    Other  elements  show  an  increase  in  concentration 
in  the  ground  water  such  as  cadmium,  copper,  nickel,  zinc,  silver,  and  lead. 
But  these  minerals  are  less  than  a  few  parts  per  million  and  show  no  relationship 
to  the  uranium  mineralization. 

The  rollfront  geometry  is  generally  controlled  by  the  variations  of  the 
permeability  within  the  sandstone  unit.    Most  of  the  cell  shapes  are  irregular. 
Figure  7  shows  an  idealized  geochemical  rollfront  cell  in  which  the  lead  edge 
of  the  rollfront  is  pointed  down  the  hydrostatic  gradient  of  the  aquifer. 
The  cell  may  be  elongated  and  parallel  to  the  channel  but  in  idealized  section, 
the  cells  are  convexed  outward.    Within  the  Alzada  area,  some  uranium  geologists 
feel  that  the  longitudinal  dimension  may  range  from  500  feet  to  100  feet,  and 
thickness  as  much  as  25  feet  to  100  feet.    Figure  8  is  the  best  model  of  rollfront 
deposits.    Note  the  irregular  shape  of  the  ore  zone  in  relationship  to  the 
protorezone  within  the  stratigraphic  unit. 

As  time  proqesses -  the  geochemical  cells  migrate  farther  down  the  hydrologic 
gradient,  continouly  reprecipitating  the  uranium  out  of  the  protore  deposit, 
which  then  concentrates  the  uranium  in  the  form  ofU308  within  the  rollfront. 
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Hagemaier  (1971),  describes  the  ground  water  chemistry  in  relationship  to  the 
roll  front  as  that  where  all  the  uranium  anomalie  are  found  the  ground  water 
chemistry  was  HCO3+SO4  and  SO4+HCO3.    The  uranium  was  precipitated  somewhere 
in  the  transition  zone  between  the  SQ4+HCO3  and  the  HCOo  ground  water  facies. 
The  reason  for  the  chemical  change  in  the  ground  water  ts  due  to  the  reduction 
of  sulfate  from  the  solution  by  anaerobic  bacteria.    Thus  looking  at  a  horizontal 
cross  section  of  the  roll  front  deposit,  the  protore  ground  water  chemistry  is 
SO4+HCO3  and  the  altered  zone  behind  the  roll  front  is  HCO3+SO4  (Figure  7) 
Uranium  rollfront  in  the  Alzada  area  is  in  all  probability  still  in  a  dynamic 
state  and  is  still  moving  down  the  hydrologic  gradient  of  the  aquifer,  with 
geologic  time  increasing  in  size  and  concentration  (ppm)  of  uranium. 

Well  Field 


The  well  field  provides  the  means  by  which  leach  solution  (lixiviant)  is 
circulated  through  the  ore  body  to  extract  the  uranium.    Therefore  the  well 
field  design  determines  the  effectiveness  of  lixiviant  circulation,  confinement, 
and  utilization.    It  also  affects  the  efficiency  of  uranium  extraction.  Principal 
engineering  considerations  in  well  field  design  are  the  well  spacing,  the 
injection  and  production  patterns,  the  well  completion  methods,  and  the  number  of 
wells  to  be  used.    Well  spacing  is  determined  by  the  hvdrologic  characteristics 
of  the  formation.    These  influence  the  rate  and  efficiency  of  lixiviant  circulation. 
The  pattern  of  injection  and  production  wells  is  determined  by  the  injectivity 
rate(s)  to  the  formation  and  the  horizontal  hydraulic  sweeo  efficiency  throuah 
the  mineralized  well  field  zone.    The  well  completion  method  and  local  permeability 
determine  the  vertical  confinement  and  vertical  sweep  efficiency  of  the  lixiviant 
through  the  mineralized  zone.    Figure  10  and  11  show  typical  well  field  lay 
out,  note  the  manifolding  of  the  pumped  wells. 

Lixiviant  chemistry 

Initially,  in  situ  solution  mining  of  uranium  utilized  a  dilute  sulfuric 
acid  lixiviant  enhanced  by  an  oxidizing  agent  such  as  sodium  chlorate.  Such 
a  lixiviant  is  suitable  in  working  low-alkaline  (low-carbonate)  ore  deposits. 
However,  acidic  solutions  also  tend  to  dissolve  other  trace  minerals  associated 
with  such  an  ore  and,  therefore  are  less  specific  for  uranium.    As  a  result, 
basic  (ammonium  or  sodium  bicarbonate-carbonate)  lixiviants  with  an  oxidizing 
agent  are  now  generally  used  in  most  in  situ  activities  where  carbonate  minerals 
are  known  to  be  associated  with  the  ores  (Table  2). 
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At  startup,  the  necessary  chemicals  are  added  to  water  drawn  from  the  ore 
zone  aquifer.    This  solution  is  then  recirculated  through  the  localized  ore  zone 
(well  field).    Typically,  the  desired  concentration  of  a  basic  lixiviant  (e.g., 
ammonium  bicarbonate)  is  maintained  by  chemical  reconsti tution  operations  and  by 
controlling  the  pH  (about  8).    Carbon  dioxide  and  ammonia  or  other  soluble 
basic  carbonate  salt  may  be  used  to  adjust  concentrations.    An  oxidant 
(oxygen,  air,  or  hydrogen  peroxide)  is  normally  added  to  the  lixiviant  at  the 
well  field  prior  to  its  injection  into  the  ore  zone. 

Uranium  Recovery  Process 

As  depicted  in  Figure  12,  a  generalized  solution  mining  process  has  four  main 
processing  circuits  or  units:    (1)  a  lixiviant  sorption  circuit,  (2)  a  resin 
transfer  circuit,  (3)  an  elution  and  precipitation  circuit,  and  (4)  a  product 
drying  and  packaging  unit.    The  movement  of  uranium  through  these  circuits 
and  the  relationships  of  various  process  components  are  discussed  in  the  following 
section. 

Lixiviant  Sorption  Circuit 

The  lixiviant  sorption  circuit  consists  of  the  ore  body,  the  well  field, 
the  uranium  adsorption  column(s),  lixiviant  bleed,  lixiviant  makeup  unit,  and 
calcium  control  unit,    ihe  process  begins  with  the  injection  of  lixiviant 
into  the  ore  body.    This  solution  oxidizes  the  uranium  in  the  localized 
ore  zone  and  forms  a  soluble  uranium  ion  complex.  The  complexed  uranium, 
mobilized  reaction  by-products,  and  unreacted  reagents  in  the  lixiviant  flow 
to  a  production  well  and  are  pumped  to  the  surface  (produced  from  the  ore 
zone).    This  uranium-bearing  solution  then  passes  through  a  uranium  sorption 
column  (near  the  vie]]  field  or  in  the  recovery  plant)  via  the  use  of  an  ion 
exchange  resin  that  preferentially  extracts  the  uranium  ion  complex  from  the 
pregnant  solution.    The  solution  leaving  this  resin  column  is  essentially 
barren  of  uranium.    It  also  contains  residual  lixiviant  chemicals.    This  barren 
solution  is  passed  to  the  makeup  unit,  where  it  is  reconstituted  with  the 
necessary  lixiviant  chemicals  and  is  recycled  to  the  well  field  for  reinjection. 

A  solution  bleed  in  the  plant  enables  some  control  of  ground  water  flow. 
By  diverting  part  of  the  barren  solution  leaving  the  uranium  sorption  column, 
less  recycle  solution  is  reinjected.    This  reduces  the  water  level  in  the 
localized  ore  zone,  permitting  water  from  the  surrounding  aquifer  to  migrate 
into  the  mined  zone.    The  rate  of  the  groundwater  incursion  should  be  equal 
to  the  bleed  rate.    This  groundwater  influx  would  tend  to  limit  the  excursion  of 
lixiviant  out  of  the  localized  well  field  area. 

The  presence  of  calcium  compounds  in  the  lixiviant  or  barren  solution 
is  generally  disadvantageous  in  the  processing.    Calcium  could  precipitate 
ascalcite  (CaCOs)  in  basic  leach  solution  or  as  gypsum  (CaS04)  in  sulfuric 
acid  leach  solution.    Either  precipitate  could  plug  injection  and  production 
wells  or  interfere  with  the  ion  exchange  process.    Calcium  removal  units 
utilizing  either  ion  exchange  (water  softening)  or  solution  pH  control 
techniques  may  be  placed  in  the  lixiviant  sorption  circuit  to  mitigate  potential 
calcium-related  problems. 

Resin  Transfer  Circuit 

The  ion  exchange  resin  used  in  the  uranium  extraction  column  is  eluted 
periodically  to  recover  the  sorbed  uranium  and  to  regenerate  the  resin 
before  it  is  returned  to  the  sorption  circuit.    The  resin  transfer  circuit 
cycles  the  ion  exchange  resin  between  the  sorption  and  elution  circuits.  Most 


solution  mining  operations  house  the  ion  exchange  columns  in  a  recovery 
building.    Alternatively,  the  ion  exchange  columns  may  be  located  near  the 
active  well  fields  and  the  resin  trucked  to  a  central  recovery  facility  (satellite 
recovery  system) . 

The  resin  transfer  circuit  also  allows  the  flushing  of  the  uranium- 
loaded  resin  and  rinsing  of  the  regenerated  (eluted)  resin  to  control  other 
contaminants  that  may  affect  the  efficiencies  of  the  elution  and  the  extraction 
process  respectively. 

Elution  and  Precipitation  Circuit 

The  elution  and  precipitation  circuit  consists  of  the  elution  column, 
the  precipitator,  and  the  contaminant  control  and  eluant  makeup  units. 
Uranium- loaded  resin  from  the  column  is  the  feed  for  this  circuit.  After 
transfer  of  the  loaded  resin  to  the  elution  column,  the  uranium-loaded  resin 
is  eluted  with  a  moderately  concentrated  chloride  salt  solution  (1  to  2  CI). 
The  chloride  ion  in  this  solution  displaces  the  uranium  ion  complex  sorbed  on 
the  resin  and  thus  reaenerates  the  resin.    The  regenerated  resin  is  returned  to  the 
uranium  extraction  column,  and  the  uranium-rich  eluate  is  transferred  to  the 
precipitation  unit. 

In  the  precipitation  unit,  the  desorbed  uranium  ion  complex  is  destroyed 
by  acidification.    The  resultant  uranium  ion  is  precipitated  with  ammonia  as 
ammonium  diuranate  {(NH^)  2^2^1^^  which  is  commonly  known  as  ADU.  The 
ammonium  diuranate,  in  slurry  form,  is  transferred  to  the  drying  and 
packaging  unit.    The  barren  eluate  is  recycled  through  the  contaminant  control  unit 
and  eluant  makeup  umt  to  the  elution  column. 

In  the  uranium  recovery  process,  contaminants  such  as  sulfate  and  vanadium 
are  also  sorbed  on  the  ion  exchange  resin  and  stripped  into  the  elution  and 
precipitation  circuit  along  with  uranium.    In  the  absence  of  any  control,  the 
concentration  of  such  contaminants  could  build  up  to  affect  the  product 
purity  and/or  elution  process  efficiency.    For  contaminant  control,  a  bleed-off 
of  some  of  the  contaminated  recycle  eluant  is  effected  by  replacing  a  bleed 
volume  with  an  equal  amount  of  fresh  eluant.    This  controls  the  contamination 
level  but  requires  the  increased  use  of  makeup  water  and  elution  chemicals  and 
the  discharge  of  a  concentrated  liquid  waste  stream  to  a  holding  pond  that 
must  be  ultimately  managed. 

Water  consumption  can  be  reduced  through  the  use  of  precipitation  and 
physical  absorption  processes  in  contaminant  control.    For  example,  sulfate 
levels  can  be  controlled  by  the  addition  of  barium  chloride  (Ba  Cl2)  to  the 
recycle  eluant,  precipitating  insoluble  barium  sulfate  (Ba  SO4).    This  can 
be  stored  in  an  interim  solid  waste  impoundment;  vanadium  can  be  adsorbed  on 
activated  carbon  and  recovered  as  a  by-product  or  disposed  of  with  the  carbon 
as  a  solid  waste. 

The  nature,  level,  and  even  the  need  of  contaminant  control  depend  on  the 
composition  of  the  ore  body  and  the  chemistry  of  the  specific  solution  mining 
process.    The  prevailing  conditions  in  the  solution  mine  field,  the  chemical 
reagent  costs,  and  the  wastewater  disposal  techniques  employed  will  determine 
what  contaminant  control  measures  will  be  used. 
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Prior  to  entering  the  elution  column,  the  recycle  eluant  passes  through 
an  eluant  makeup  umt.    In  this  unit,  the  chloride  ion  concentration,  depleted 
during  elution  and  contaminant  control  operations,  is  restored  by  the  addition 
ot  a  chloride  salt.    r-Iakeup  water  may  also  be  added  here  to  maintain  the  system 


Product  Drying  and  Packaging  Unit 

The  uranium  leaves  the  elution  and  precipitation  unit  as  a  slurry  of 
ammonium  diuranate  and  may  be  dried  prior  to  packaging  for  shipment  Upon 
entering  the  product  drying  and  packaging  unit,  the  slurry  is  washed  and  dewatered 
The  rinse  water,  which  contains  some  soluble  uranium,  is  returned  to  the  elution  ' 
and  precipitation  unit.    The  moist  diuranate  cake  enters  a  dryer  and  calciner 
fZLV/  the  by-products  (water  and  ammonia)  are 

Z  r-T  i  /  owing  drying  and  calcining,  the  oxide  product  (yellow  cake) 

IS  crushed  and  placed  in  drums  for  shipment. 

To  mitigate  particulate  uranium  releases  in  this  unit  process,  the  exhausts 
from  the  dryer  and  calciner,  crusher,  and  packaging  equipment  areas  are  treated 
in  Venturi  scrubbers.    The  spent  scrubber  solution  is  recycled  to  the  elution 
ana  precipitation  circuit  to  recover  any  entrained  uranium. 

Waste  Effluent  Treatment  Processes 

In  general,  liquid  and  solid  waste  and  atmospheric  effluents  will  result 
from  the  solution  mining  activities.    Liquid  wastes  from  well  field  overpumoinq 
;  ^^"^^'^       injection  flow),  elution  and  precipitation 

circuit  bleeds,  and  subsequent  aquifer  restoration  represent  the  major  waste 
streams  to  oe  managed  from  so lution  mining  activities.    Since  the  dissolved 
solids  content  ot  the  wastewater  precludes  any  uncontrolled  releases,  some 
ISrni^L  management  is  necessary.    Generally,  for  liquid  waste  management, 

evaporation  ponds  are  utilized;  however,  deep  well  disposal  has  been  used  in 
lexas.    I  he  ponds  vary  in  size  depending  on  the  flow  rate  of  liquid  waste 
streams  to  the  pond  and  the  rate(s)  of  water  evaporation  and  seepage  from  the 
pond.    To  minimize  unwanted  seepage  of  the  wastewater,  the  ponds  are  lined 
during  construction  with  clay,  asphalt,  or  continuous  plastic  membranes 
Thespecific  method(s)  used  is  dependent  on  the  conditions  at  each  solution 
mining  operation. 

_       Solar  evaporation  is  a  consumptive  use  of  water.    When  recycle  of  wastewater 
IS  desirable,  water  reclamation  by  reverse  osmosis,  ion  exchange,  chemical 
treatment,  or  multi-effect  distillation  may  be  attempted. 

_  Solid  wastes  generated,  for  example,  from  the  calcium  control  unit  in  the 
nxiviant  sorption  circuit  and  from  the  contaminant  control  unit  in  the  elution 
and  precipitation  circuit  also  require  controlled  management.    During  the  life 
ot  a  solution  mining  operation,  solids  may  be  impounded  in  specific  storage  ponds 
as  asiurry  and  be  maintined  and  monitored  under  a  liquid  seal  to  minimise 
particulate  emissions  and  radon  gas  evolution.    Permanent  disposal  techniques 
in  accord  with  NRC  and/or  responsible  state  agency  regulations,  will  subsequently 
isolate  the  solids  from  the  environment. 

Sources  of  atmospheric  emissions  include  the  open  surfaces  of  ponds  and 
tanks,  the  product  drying  and  packaging  unit,  the  internal  combustion  engines  in 
vehicles  and  drilling  rigs  used  at  the  site,  dust  due  to  vehicular  movement  on 
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ummproved  roads,  and  orocesses  using  ammonia.    Tank  emissions  can  be  limited  by 
venting  them  through  liquid  or  solid  absorbents  before  release  to  the  atmosphere 
Venturi  or  impingement  scrubbers  are  used  to  control  both  particulate  and  gaseous 
emissions  from  drying  and  packaging  operations.    Exhaust  emission  controls  are 
presently  provided  for  internal  combustion  engines. 

Groundwater  Quality  Restoration  Process 

After  termination  of  solution  mining  operations,  procedures  are  implemented 
to  restore  the  water  quality  of  the  affected  aquifer.    Restoration  will  remove 
or  immobilize  chemical  species  injected  into  or  mobilized  as  a  result  of  chemical 
actions  in  the  ore  body  during  mining.    The  restoration  process  is  intended  to 
reduce  the  mobilized  species  content  and  composition  of  the  groundwater  to 
levels  set  to  levels  set  by  appropriate  regulatory  agencies. 

Groundwater  restoration  technology  is  still  in  the  development  stage. 
A  process  that  requires  the  pumping  of  large  quantities  of  water  from  the  aquifer 
(groundwater  sweeping)  is  currently  in  genera]  use.    By  this  technique,  the 
contaminated  water  removed  from  the  aquifer  is  replaced  by  groundwater  entering 
the  localized  ore  zone  from  the  surrounding  area  or  is  replaced  by  purifying 
(for  example,  by  reverse  osmosis)  the  contaminated  water  and  recycling  it  into  the 
aquifer.    The  water  entering  this  ore  zone  aquifer  will  gradually  sweep  the 
residual  impurities  from  the  solution  mining  operations  toward  the  production 
wells,  where  they  will  be  withdrawn  to  the  surface  for  management.  The 
efficiency  of  the  sweeping  action  may  not  be  very  high.    Impurities,  e.g., 
ammonia,  are  chemically  sorbed  on  clay  minerals  within  the  aquifer  host  formation 
and  are  only  removed  slowly,  because  their  migration  rate  is  retarded  by  repeated 
sorption  and  desorption  from  the  clays.    Unless  some  efficient  elution  or 
immobilization  techniques  are  developed,  long-term  aquifer  pumping  may  be  the 
only  method  of  ore  zone  groundwater  restoration.    Water  produced  by  such  a 
restoration  process  or  other  processes  under  development  should  be  managed. 
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Gtmeratizfd  section  of  the  exposed  sedimentary  rocks  on  ike  northern  and  western  jlanks  of  the  Black  Hills  uplift 


Stratiu^phlo  unit 


Thickness 

(feet) 


Qoatemary 


Alluvium  and  stre^  terraces 


Silt.  Sand,  and  graveL 


White  river  formation 


-TTnconformity— 


Upper  Cretaceoiu; 


Lower  Cretaceoiu 


Wasatch  formation 


Tongue  River  member 


Ll^ht-i^ay  niedium-  tocoiirscHmuned  sandstone  at  baseoveriain  by  light  browntsb- 
gray  ciaystone  and  5ilt£Une. 


Grayish -yellow  sandstones  and  gray  shale,  uuraerous  coal  beds:  thick  ettPDSirelj 
burned  coai  bed  (Roland  bed  of  U.S.  Qeol.  Survey  Uull.  706-A)  at  base. 


Yellowfsh-ffray  massive  sandstooa  and  llgbt-gray  shale;  numerous  coal  beds: 
thickest  in  Montana;  thins  southward. 


Lebo  shale  member      200-  250 


Medium-  to  dark-my  sbald,  light-gray  sandstone,  and  a  few  tUn  coal  beds. 


Tullock  member 


Lance  formation 


K^ira  benton- 
iticmemtwr, 
lOOift. 


Monument 
Hill  beoton- 
Itlc  member, 

iso-ai-o  ft. 


Groat  sond- 
storn?  bad, 
0-125  ft. 


Niobrara  formation 


Sa^e  Breaks  member 


Turner  sandy  member 


Greenhorn  formation 


Belle  Fourche  shale      350-  850 


Light-gray  and  Ucht-brown  fiaQdstune,  gray  shale,  and  numerous  thin  coal  beds: 
thinnest  in  .Montana:  thickens  southward. 


Gray  to  ye lio wish-gray  Sandstone  and  gray  shale;  a  few  thin  beds  of  carbonaceous 
shale:  thinnest  in  Montana;  thickens  southward. 


Brown  sandy  shale  and  slltstone.  light-gray  sandstone,  and  brown  ferruginous 
sandstone  concretions;  [he  Colgate  member,  a  prominent  m&ssiye  white  sand- 
stone, at  top  in  Montana. 


Dark-gray  shale  and  clayslonc;  locally  beds  of  slltstone;  abund  int  limestone  con- 
cretions some  fossiliferous  in  upper  and  Imver  parts;  thickens  southward  from 
Montana.  Kara  and  Monument  Hill  bentonitic  members,  gray  benionitic 
sh^ile  nnd  impure  bentoniie  with  a  few  IlmcsLone  concretions  and  sm:il]  barite 
concretions. 


Dnrk-gray  to  black  shale  with  beds  of  yellowish-gray  bentonite  at  base  and  num- 
erous larce  ycilowish-brown-weaihering  fossiliferoua  septarian  limestone  con- 
cretions in  upper  pnrt:  thickens  southward  from  Montana. 


Lli:ht-gray  ciaystone  and  shale  with  abundimt  reddish-brown  iron-stained  concre- 
tions and  liiin  lenses  of  slderile.  Groat  s:ind£tone  bed.  mapped  north  otT.M  N., 
consists  of  gray  line-grained  gl^tuconitic  and  ferruginous  sandstone. 


Chnlk  marl  and  calcareous  shale;  numerous  thin  beds  of  bentonite,  dark  gray  whi 
fresh,  weathers  light  yeUow. 


Grayish-black  noncalcareous  shale  with  numerous  beds  of  septarian  limestone 
concretions  that  weallicr  light  gray. 


Dark-gray  shule.  locally  Siindy  and  silty,  with  numerous  beds  of  licht-yellow  and 
red  silty  litiiestone  concri' lions;  commonly  a  thin  bed  of  hght-gray  medium- 
grained  sandstone  at  the  base. 


Diirk-CTay  shale  with  a  few  limestone  concrotioos;  locjilly  slightly  silly  and  sandy; 
thickest  in  Mont;ina, 


In  northeastern  and  southeastern  parts;  gray  calcareous  shale  and  marl  with  some 
Uclil-gray,  lhin-l>etlded  Ibiiestone:  in  central  part;  Kray  nonctlcarenus  shal* 
coutainihi;  prominent  light-gray  weathering  septarian  limestone  concretions; 
thins  westward. 


Dark-gray  to  hl:ick  shale  with  numerous  dark  purplish-red  weaiherlne  siderlte 
concretions  in  lower  part,  and  several  beds  of  lii;ht-gray  and  yellow-weaihermg  , 
ltinest()ne  eoncreiious  m  iiiidale  and  upper  parts;  thickens  westward. 


Newcastle  sandstone 


kuli  Creek  shale 


Fall  Tiiver  formation 


— Unconformity  

Lakota  formation 


Dark-gray  siliceous  shale,  weathers  liuht  gray;  numerous  fish  scales  along  partings;  i 
many  tliin  b'^ntonite  beda;  Clay  Spur  bentonite  bed  at  top. 


Lentimlar  beds  oi  light-eray  sandstone  and  siltstone  and  dark-gray  shale  and  , 
ciaystone;  u  few  beds  of  impure  coal  and  bentomte;  thickness  varies  within  short  I 
distances,  but  averages  aootit  40  feet. 


Black  shale  witJi  a  few  dark-red  ferruginous  concretions. 


Fine-  to  ittediom-grained  light  yellowish-brown  to  brown  sandstone  with  inter-  I 
bedded  eray  and  black  shafe  and  gray  siltstone;  averages  about  iSofeet  in  thickne?s  i 
near  its  outcrop. 


Light  yellowish-gray  to  white  fine-  to  coarse-grained  sandstone  and  congloireratlc 
sanustoue  irregularly  jorerbedded  with  red.  green,  ypilow,  gray,  und  black 
ciaystone;  coal  ijeds  near  ij^se  locally;  thickness  varies  withm  stiort  distances. 


Morrison  formation 


Greenish-Bray,  green,  and  grayish-red  ciaystone  with  a  few  thin  discontinuous  l>ed3 
of  ligbt-gray  sandstone  and  limestone;  thickness  at  most  places  between  50  and 
l-D  feet. 


Greenish-gray  soft  fissile  sandyand  slltyshale:iocludessomc  thin  beds  of  elauconl  tie 
Sandstone  and  oolitic  and  coquinoid  limestone;  thickness  at  most  places  between 
160  and  190  feet. 


Yellow  and  pink  crudely  bedded  iine-erained  sandstone  and  siltstone. 


Yellowlsh-vray  hne-erained  thtn-bedded  to  massive  calcareous  sandstone:  locally 
pink  northeast  of  i>evils  Tower, 


Soft  gray  calcareous  sbale  with  some  thin  beds  of  yellowlsb-gray  sandstone. 


Friable  yellowish-gray  or  pink  sandstone,  some  light  greenish-Kray  siltstone. 


-  Unconformity  - 


Middle  Jurassic 


Gypsum  Spring  formation 


 f.'nconformity  

Spearhsh  formation 


At  base,  massive  white  gypsum  with  interbeddcd  red  gypsiferousciaystone;  overlain 
near  Hulett  by  Interbeudeil  gray  cherty  limestone  and  red  ciaystone;  thins  south- 
ward from_a  maximum  observed  thickness  of  125  feet  near  the  junction  of  Deer 
Creek  and  the  iieUe  Fonrrhe  Hlver  (SWi*seo,  13.  T.  55  N..  R.  6*  W.). 


Minnekahta  limes  to  nu 


M}±   Light-gray  thin-bedded  limestone,  pink  on  outcrop. 


Permian  and 
Pennsyivauian 


C  3 


.Missts- 
sipplan 


Opeche  formation 
 Unconformity  

Minnelusa  formation 

 L'uconformlty  


Pahasapa  Ilmestona 


60-     M    \  Reddish-brown  and  maroon  tlne-grained  sandstone,  siltstone,  and  shale. 


Light  gray  and  red  sandstone,  gray  limestone  and  dolomite,  red  shale,  local 
and  anhydrite. 


SOO-  600  I  Light-gray  Umeston*.  locally  dolomttic. 


Table  1 

From,  Stratigraphy  &  Structure  of  The 
Northern  and  Western  Flanks  of  the  Black 
Hills  Uplift,  Wyoming,  Montana, &  South 
Dakota,    USGS  Professional  Paper  404 
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Figure  1 

Area  Map  of  Alzada  MT,  Affected  areas 
by  Uranium  Exploration  and  Locations 
of  photographs,  (PH). 
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I 


Figure  2 

Precipitation  map  of  Montana 
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1  A 

SEi4,SE34,SEJ4,  Sec.  21,  T.9S,  R.57E, 
Overlooking    the  northern  plunge  of 
the  Black  Hills  arch 


2  A 

mkMh,im,  Sec. 20,  T.9S,  R.57t, 
Amoco 's  v/ell  site  in  a  alkaline  seep 
area.    Carlile  Shale,  Turner  Sandy  Member 
(KCT) 


2B 

Drill  mud  pit,  to  wet  in  this  area 
to  reclamate 


Tracks 


2  C 

disturbed  ground  from  the  drilling 
in  the  seep  area 
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'  "   I  Hiii^  ■ 

27  " 


2  F 

Down  hole  camera,  well  head  and  tripod 
for  wel 1  inspection 


Dov/n  hole  T.V.  camera  monitor, 
control  units  -  in  rear  of  minivan 
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•  3.A 

:JE-4  mh  NW'i,  Section  20  Township  9  South 
■'.ange  57  East,  Amoco  drill  site 
Carlile  shale.  Unnamed  Formation  (KCL) 

29 


4 


Plugged  hole  -  plugged  with  quick  jell 


^  A 

Contact  of  Carlile  formation  (Top  Sage 
Break  member)  with  underlying  Turner 
Sandy  member.    Note  black  stain  of  mud 
slurry  and  drill  cuttings. 
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SEk  MW%  mk.  Section  21,  Township  9  South 
Range  57  East    Green  Horn  formation 


Sl'lk  SW-'2  SW%,  Section  32,  Township  8  South 
Range  58  East    Bell  Fourche  Shale 
formation 


7  A 

NE%  NW%  SE%,  Section  35,  Township  8  South, 
Range  57  East    Alluvial  fill,  silts. 


NW%  NW?^  SEU  Section  14,  Township  8 
South,  Range  57  East    Alluvial  fill, 
silts,  sands  and  gravels 
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Greg  Mills  (D.S.L.)    igniting  escaping 
gas  bubbles 
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I 


mh  SEh  SEh,  Section  35,  Township  8 
South,  Range  57  East    improper  plugged 
uranium  hole.    Note  -  no  cememt  plug 


10  B 

Same  location  as  above 


r 


11  A  SB 


In  same  viciirity  of  lOA    Note  - 
damage  and  tracks  left  while  attempting 
to  drill  in  the  reservior  during 
early  spring  by  an  uranium  exploration 
drill  rig. 
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I2B 

Well  Head  Leaking  Methane  Gas 
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.  SEDIMENTARY  ROCKS 


Allurium 

,  SUt,  aand,  and  gnv^.  htclutUt  low  a 


Fort  Union  formation 

santLalone  an4  i/rriv  Bhats  wuk  ntttwnun  coal  beds: 

SOO-iUMt }Mt  thiek 
Tfl.  L^&e  «AaJ«  inemi»«f  t«  gray  ahal«  and  aandalone 

With  a  few  #Am  cool  b^tia:  Hf^iSO/eet  thick. 
Tft.  TitiLick  m^tni^r  i«  liyAt-etkor^d  aandAtnme  and  ffrny 

skaia  wuk  thin  mal  badu:  OMt-UOn  fret  thirk- 
Tflr,  Ton^ua  Rifr  *ind  L^ho  that*  mifimnerit  arg  rutt 

Mapjted  aepamuti/  «n  e^mntl  Cumptmll  County 


Lanoe  lonnanon 
Yallowtak-ffray  aandaton*  and  ^rny  akali  with  a  fevo 
(Am  b»dM  of  earhonticaouM  akaia;  S0O~  ISOO  feat  thick 


Li:*"*" 
Fox  Hills  sandstone 
Kf,  bnrvmtak-tTmv  aandy  akaU.  niutont.  and  aandatnne: 
f«€t  tAurfc-    StpamUd  in  Montana  into  the 
Cali/al*  aaitda'ow  m/rmt>er.  Ktc.  connatiito  oi'  maMnva 
very  tiQht  grai/  nandttone.  and  a  loxcrr  member. 
KH.  connatxnq  of  brtnmiMh-irrav  aand\t  akaU  and 
aandatona 


North  of  T.  54  N. 


Pierre  shale 


South  of  T.  55  N. 


Gray  and  black  akaU  itrxtk  aoma  f/rav  and  ^aiiounak' 
gray  atitatone  omi  sandsuyna  aitd  numtroua  beds  oj 
banlonUa. 

Kpu,  upper  -part  ia  dark-uray  and  biaek  akaie  excapt 

for  lower  third  which  u  iight^ray  sxlii/  shale;  aOO- 

1500 feet  thick, 
Kpk.  Kara  banlonuie  mmmbar  ia  light-nray  bentonUic 

akale  vmd  ttanumita:  oootU  100  feat  thick. 
Kph.  Momtmeni  Hill  bantonttie  mambar  ta  light-gray 

hantontnc  akaU  and  bantontte;  lSO~XSOfeet  thick. 
Kps,  Mittrm  black  ahaU  number  ia  dark-oray  ta  black 

ahaie  lextk  i/euounak-broum-waathanng  limeatona 

rwtrrvtuyna  in  upper  part;  lii-!00O/ett  thick.  AVar 

NeweattU.  uopar  part,  Kpsu,  mapped  separaUly  from 

lovrr  part.  Kosl. 
Kpf,  Oamman  jemf;inoua  meynbar  is  light-aray  elay- 

9tone  and  *kai»  unth  abundant  ffrruginotta  con- 

errtivna  and  Unaaa  of  widanta:  O-IOOO  feet  thick. 
Kpg,  Gntat  aanttatamr  bed  of  tha  Gammon  jerr^tginous 

mamrter     <rmy  rinr-^ratned  glauconittc  jer-ruginnua 

aandatona,  JS-l£5  feet  thick, 
Kpun.  if-mitntmt  H',U.  benUmttK  m«mbar  and  ovarly\t%o 

Pierre  anaie. 

Kpul.  uppar  part  of  Pierre  ahaU  below  Monument  Hill 
bantoniLic  member 


Xiobrar*  formation 
Chalk  mari  and  caicaretrua  ahaU;  weathers  light 
yeilour:  liO-T!S  feet  thick 


Cariiie  sfiale 
Gray  ahale.  sandw  in  middle  part. 

Kcs.  Sage  Breaks  member  ta  gray  noncalcareoua  ^thnle 
unth  mMmerous  beds  of  lighl-gray-u-enthering  nep- 
tanan  limestone  concretions;  SOO-300  fftt  tkick- 

Kct,  T^iT-fter  aandy  memoer  t«  ^ray  8'indu  ^hnle  and 
siitACune  iOitA  Httmer^un  btda  uf  light- ye UoM'  or 
reddtsh'brnwn'ireathenng  »*ity  and  ferruginous 
limestone  ^-oncrtUons:  I5O~i!S0  feet  thick. 

Kcl,  lower  unnamed  m^ember  ta  gray  noncalcar^otis 
shale  wttk  a  tew  liaht-gray  and  reddinh-bntvm- 
weathering  limeatone  etmcret^nns:  iO-i3fi  feet  thick 


Gre«nh€»m  formation 

Kgm.  lime  atone- marl  fnciea  is  gray  calr.are^vs  thole 
nnd  marl  wxth  tt^ht-^riy  tntn-beddeH  limestone,  'n 
eoMtheaat^m  and  netrthtaaUm  parts  of  araoiOs  mmck 
ns  SlOfeei  thick. 

Kgc  eoncrtttonary  fnctes  is  noncalcarmma  grav  ahale 
itntk  Tfrmse  nf  i^ghl-grayweal^rxng  septartan  eon- 
rret%mts.  in  eentmt  part  nf  araai  thuta  to  70  j'aat 
wettwnrH 


Bcl'e  Kotirrne  ^nale 
Dark  shale  w*tk  mitmervue  v^roiisk-ren-'t>eather\no 
nUer^te  evnrretwms  tn  iovmr  part,  an.d  li^kt-grny-nnd 
yaiiowiek-^rrry-ie^thertng  limestone  eont^etiOMs  m 
m'ddla  ana.  upp^r  p^trta:  3&0-nS»i  femt  tknck;  in  upper 
part,  gray-red  kentantU  6ed 


Mowry  ahale 

Gray  siliceous  shale  unth  numerous  fish  scales  along 
■partings;  Clay  Spur  bentontte  bad  at  top;  tSO-tX/aet 
thick 


Newcastle  sandstone 
Lenticular  beds  nf  light-gray  sandstone  and  dark-gray 
siUatone,  akale,  and  dayatone.  wtth  some  bentoniU 
and  broum  carbonaceous  shale;  0-95  feet  thick;  thick- 
TiCBs  varies  within  short  distances 


Contact 

Dashed  where  approximataly  located 


Stashed 

ceaUd. 


Fault 

ptltrvrwn  auie,  D.  daiiyntlirmen  svt0 


Anticline 

Slwwing  trace  of  axial  plana.   Dashed  wkerm 


in 

3 

o 
111 

< 

I- 
ui 

IT 
O 


^  

Synetine 

Shenotn^  trace  of  a^U  plane.    Dashed  wkera 
approrimateiy  located 

y 

Strike  and  dip  of  beds 
Strike  and  dip  of  overturned  beds 

55*^  


1 


Structure  conioura 
LVaum  on  the  top  vf  the  Fail  River  J'ormation  with  an 
interval  of  100  feet  east  of  the  zero  contour  line,  and 
;an  interval  of  ifOfeet  west  of  Ihe  zero  contour  line; 
daahed  where  approximately  located.  Datum  is  mean 
Ma  level 


Mine,  quarry,  or  pit 
C,  coal  mtne. 
U.  urantum  mine. 
R.  gravel  piL 

BentonUe  mines  not  akown 
OIL  AND  GAS  WELLS 
•> 

Dry  hole 

Dry  holes  are  not  shown  unthin  the  larger  oti- 
producing  areas 


Show  of  oil      Show  of  oil  and  gas 
Well  having  a  record  of  oil  production 

Show  of  gMa 
Well  having  a  record  of  gas  production 

Oil-producinii  area  and  name 
Letter  symbols  in  parentheaea  mdieate  pnducttuf 
formation* 

Data  on  numbered  wetla  gnen  in  table  I 


Table  3,    Explanation  of  Sedimentary 
Rocks  exposed  in  Figures 
3  and  4. 
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-iU-nemlUv.l  .:,.tp  s1iok1i.«  tijo  Black  Illlla  ,inllft  In  rvliUkm  to  acnrby  atruotural  features. 


From,  Stratigraphy  and  Structure  of  the  Northern  and  Western  Flanks  of  the  Black  Hills 
Uplift,  Wyoming,  Montana,  South  Dakota.    USGS  Professional  Paper  404 


Figure  5  B 
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SKUll  CCifK 
OPEN  MAIINE 


AKCINAl  MAIINf  I 


■UrPt»*  lAKOIA 
COASTAl  flAIN 


SOUICf  AHA 


1.  ce««i. 


Dugrair.rrviuc  Paleo  environment  m^p  And  CroM  Section  of  the  Inyan  Katy  Group. 


From,  Uranium  Deposits  in  the  Lower  Cretaceous  of  the  Black  Hills,  A.F.Renfro 

Contribution  to  Geology,  Wyoming  Uranium  Issue,  VOl .8,  2,  pt  1  Summer  1969 


Figure  6 
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Goiiora  1  i  zod  uranium  recovery  |)rof  ess. 

Figure  12 

From, Final  Enviromental  Statement  related  to  the  Wyoming  Mineral  Corp.  Irigaray  Urnaium  Solution  Mining  Project. 
Docket  40  8502 
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